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Extraction of the hepatobiliary radiopharmaceutical
@Tc-N-(3bromo-2,4,6-trimethyacetanilide) iminodiacetic acid (mebrofenin;
Choletec, Squibb Diagnostic, Princeton, NJ) by the liver may be
used as an index of hepatocellular function. The hepatic parenchy
mel cells extract mebrofenin from the blood using the same active
transport mechanism as bilirubin. Methods In this study, we
induced hepatocellular disease by administering a hepatotoxic drug
and compared the hepatic extraction efficiency (HEE@,measured
directly from an afferent injectkn of
@rc-mebrofenin,to quantita
th/e histopathology and to serum biochemistry analysis. Results
The baseline HEE was 95.9% Â±2.71% (mean Â±s.d.). Dogs that
were affected by the hepatotoxic drug had reduced HEE. HEE
correlated well to the severity of histologic lesions (r = â€”0.83,p =
0.003).

HEE also correlated

well to the increases

in the actMties

of

alanine arninotransferase (ALT;r = â€”0.85,p = 0.002) and aspartate
aminotransferase (AST; r = â€”0.89,p = <0.001), the concentration
offasting bile acid (r = â€”0.97,p = <0.001), bilirubin(r = â€”0.92,p =
<0.001) and, to a lesser degree, to the activities of alkaline phos
phatase (AlkPhos; r = â€”0.73,p = 0.016). HEE had higher correla
tion coefficients to the serum biOchemiStry analysis than dki the
quantitative liver histopathokgy. Conclusion: Hepalic extraction of
@â€œTc-mebrofenin
is a good predictor of the severity of hepatocel
lular damage in toxic-induced liver disease.
Key Words: hepatobiliary scintigraphy; hepatic extraction efficien
cy; technetium-99m-mebrofenin; compartmental analysis; quantita
tive liver histopathology
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rL e trend in nuclearmedicineis toward quantitationof
function as an integral part of organ imaging. This is especially
true when considering the role of scintigraphy in evaluating
hepatic disease (1â€”3).The two quantitative parameters used to
evaluate the liver are hepatic extraction and hepatic excretion
(1,4â€”7).Hepatic excretion is the easier ofthe two parameters to
measure. Hepatic excretion of 99mTcN(3bromo..246..@
methyacetanilide) iminodiacetic acid (99mTc@mebrofenin) will
be prolonged in patients with cholestasis but also will be
prolonged in patients with hepatocellular disease (1,3,4,6).
Hepatic extraction is more difficult to determine but is a better
discriminator in differentiating hepatocellular from biliary tract

disease
(1,7).
Hepatic extraction is that portion of the hepatobiliary radio
pharmaceutical removed from the plasma during each circula
tory pass. The hepatic extraction can be measured by direct
injection into the afferent blood supply of the liver or mathe
matically by deconvolutional analysis after intravenous injec
tion. We use the term hepatic extraction efficiency (HEE) to
describe the direct measurement of hepatic extraction after
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afferent intravascular injection of the radiopharmaceutical (8).
In a previous study, we used a two-compartment model to
calculate HEE of
@Tc-mebrofeninin the dog. The forward
(k1 ) and reverse (k2) rate constants were determined by a
simple graphical method using linearized time-activity data
(9â€”11
). We compared this graphical method with more com
plex direct numerical solutions to the model using a nonlinear
least-squares algorithm (8). We found no significant difference
between the two methods of calculating HEE from direct
afferent injection (8). The graphical method used was chosen
because of its simplicity in calculating HEE. HEE determined
from afferent vascular injection is a direct measure of first-pass
hepatic extraction but is limited to research application because
of the invasiveness of achieving direct afferent vascular access.
The term hepatic extraction fraction (HEF) traditionally has
been used to describe the hepatic extraction after deconvolu
tional analysis of data obtained from intravenous injection
(1,4â€”6). The normal HEF of @mTc@mebrofeninin humans is
generally considered to be 100% (4). In normal dogs, HEF of
@@Tc-mebrofenin
is 92%â€”100%. In normal dogs, there is no
significant difference in HEF and HEE (12).
HEF of 99mTcmebrofenin using deconvolutional analysis
has been reported as a quantitative measure of hepatocyte
function (1,2,5,6,13,14). With hepatocellular disease, hepatic
extraction is expected to decrease proportionally to the severity
of liver insult (1,4â€”6). Numerous articles have been written
that show the usefulness of HEF in evaluating patients with
liver disease (1â€”4,6,7,14â€”18).The purpose ofthis study was to
determine if the hepatic extraction of v9mTcmebrofenin could
be correlated to histopathologic changes in the liver. We
compared the hepatic extraction of 99mTc@mebrofenin,mea
sured directly from an afferent vascular injection, to quantita
tive histopathology in dogs with acute toxic injury. In addition,
we compared the hepatic extraction of @mTc@mebrofeninto
changes in serum biochemistry analysis.
MATERIALS AND METhODS
Ten conditioned, adult mongrel dogs (6 female, 4 male; body
weight range 14.5â€”29.1kg; mean 21.39 kg) were obtained from the
laboratory animal section of the University of Tennessee, College
of Veterinary Medicine. The dogs were housed in facilities at the
University of Tennessee that are accredited by the American
Association of the Accreditation of Laboratory Animal Care, and
all protocols were approved by the University of Tennessee
Institutional Animal Care and Use Committee. Preliminary data
included a physical examination, serum biochemistry analysis and
fasting bile acid concentrations. Portal scintigraphy was performed
to exclude the presence of a portosystemic shunt that would have
invalidated the HEE data (19â€”21).
The radiopharmaceutical kits containing 45 mg mebrofenin
(Choletec, Squibb Diagnostic, Princeton, NJ) were reconstituted
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FIGURE1.Graphshowing
netcountdenst@es
fromliverandheartROlsfor
first90 sec after injectionof
@Tc-mebrofenin
in mesentenc veinof normal FiGURE2. Graphshowing
netcountdensities
fromliverandheartROlsfor
dog. Note that the majorityof radioactivityremained in liver,with little first90 sec afterinjectionof
@c-mebrofenin
inmesentenc veinofdog with
radioactivityseen withinheart.
acute livertoxicity.Note that a large portionof radioactivityis in heart.
using the manufacturer's recommendations. The maximum recom
mended quantity of pertechnetate (100 mCi in 4 ml sterile eluate)
was used to reconstitute the kits to keep the actual milligram
quantity of mebrofenin that was injected as low as possible.
Radiochemical purity was assessed using two ascending chromato
graphic systems: a silica gel-impregnated instant thin-layer chro
matography paper developed with distilled water and a silica
acid-type instant thin-layer chromatography paper developed with
20% NaC1.
The dogs were premedicated with acepromazine (PromAce, Fort
Dodge Laboratories, Fort Dodge, IA) at a dose of 0.05 mg/kg
intramuscularly and butorphanol tartrate (Torbugesic, Fort Dodge
Laboratories, Fort Dodge, IA) at a dose of 0.5 mg/kg intramuscu
larly. General anesthesia was achieved with isoflurane (IsoFlo,
Solvay Animal Health, Inc., Mendota Heights, MN) through mask
induction and was maintained after tracheal intubation. A ventral
midline laparotomy was performed and a segment ofjejunum was
isolated where a 19-gauge catheter was placed within a mesenteric
vein. The end of the catheter was exteriorized and the segment of
bowel was replaced into the abdomen. The incision was closed in
a routine manner.
The dogs were placed in a right lateral recumbent view over a
large-field-of-view gamma camera (37 Tube ZLC gamma camera,
Searle Nuclear, Des Plaines, IL) fitted with a low-energy, general
purpose, parallel-hole collimator. A dynamic frame-mode acquisi
tion using a 64 x 64 X 16 matrix size was controlled by an
imaging computer (Gamma 600 Imaging Computer, Strichman
Medical, Medfield, MA) and was initiated simultaneously with
injection of the radiopharmaceutical into the mesenteric catheter.
The frame rate was 1 frame per second for 2 mm, then 1 frame per
minute for an additional 13 mm. After the end of the scintigraphic
procedure, the mesenteric catheter was removed and the animal
recovered from anesthesia.
The HEE of the 99mTcmebrofenin was determined from the
dynamic acquisition. Regions of interest (ROIs) were drawn over
the liver and heart. The counts from the first few seconds (before
bolus arrival) were subtracted from the remaining frames to
remove background activity. With the background corrected,
counts per pixel from the liver and heart ROIs were plotted to
create time-activity curves (Figs. 1 and 2). The heart time-activity
data were used to represent blood-pool activity, and the liver
time-activity data were used to represent hepatocyte activity plus
the portion of the blood pool in the liver vascular space. A
two-compartment model was used to determine HEE, as previously
described (8).
At least 2 days after the baseline hepatobiliary scintigraphy, a
hepatotoxic drug was given to the dogs to induce liver disease.
HEPATIC

Thiacetarsamide (Caparsolate, Sanofi Animal Health, Overland
Park, KS) was injected intravenously at a dose of 3.3 mg/kg every
12 hr for 2 days in 2 dogs and at a dose of 6.6 mg/kg every 12 hr
for 1 day in the remaining dogs to induce liver disease. Twelve
hours after the last thiacetarsamide administration, a catheter was
placed into a mesenteric vein as before and the hepatobiliary scan
and analysis were repeated as described previously. Serum bio
chemistry analysis was repeated just before the second hepatobili

aryscan.
After completion ofthe second hepatobiliary scan, the dogs were
euthanized by an overdose of a barbiturate. Liver specimens from
the right lateral, left lateral and quadrate lobes were placed in 10%
buffered formalin and processed for light microscopy. Sections
were cut at 6-sm thickness and stained with hematoxylin-eosin
stain. Each liver section was evaluated for the presence of the
following lesions: hepatocellular degeneration, hepatocellular ne
crosis, inflammation and hemorrhage. Each lesion was given a
score based on the percentage of cells involved using the criteria in
Table 1. A total score for each dog was determined by adding the
scores for each type of liver lesion.
Statistical Analysis
Pearson product-moment correlation was performed to deter
mine the linear relationship of hepatic extraction of @mTc@mebro@
fenin to the numerical score from the quantitative histopathology of
the liver sections. Pearson product-moment correlations were
performed to compare hepatic extraction of 9@â€•Tc-mebrofeninand
the numerical score from the quantitative histopathology of the
liver to various serum biochemistry analysis values. All tests had a
level of significance of p < 0.05.

RESULTS
All dogs were considered normal based on serum biochem
istry analysis, fasting bile acid concentrations and portal scm
tigraphy at the beginning of the study. The dogs received
TABLE I
Criteria Used to Grade Severity of Histopathoiogical Lesions
SeverityNo.CriteÃ±aMild1096-10%
of hepatic parenchymalcells
demonstrated
1%â€”25%
of hepatic parenchymalcells
melonMarked326%-75% demonstrated
of hepatic parenchymalcells
lesionSevere476%-100% demonstrated
of hepatic parenchymalcells
demonstrated lesion
@alonModerate21
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FiGURE3. Dynamic
images(bottom)
Obtained
afterinjection
of @rc-mebrofenin
inmesentenc
veininnormaldog.Timeinseconds
atwhicheachimage
was acquired is listedbelowimage.Notethat majorityof actMtyremainsinlrver,indicatinghighhepaticextractionefficiency.SChematiCdrawing(top)shows
orientationof images relativeto dog, withheart and liverlabeled.
injections with 8.89 Â± 1.58 mCi (mean Â± s.d.) of 9@Â°@Tcthe previously described groups. Their values of hepatic extrac
labeled to 4.25 Â±1.66 mg (mean Â±s.d.) of mebrofenin. The tion of 99mlcmebrofenin were normal to slightly decreased
radiochemical purity ofthe radiopharmaceutical was 93.52% Â± and their histopathologic scores were intermediate between the
2.82% (mean Â±s.d.) of 9@Tc boundto mebrofenin.The previously described groups.
baseline HEE was 95.9% Â±2.71% (mean Â±s.d.).
When comparing all 10 dogs, there was a significant cone
The dogs varied in their response to the thiacetarsamide.
lation of the HEF to quantitative histopatholo@y (r = â€”0.833,
Three dogs showed no clinical illness (Group C, Table 2) and p = 0.003). As the hepatic extraction of 9@Tc-mebrofenin
no abnormalities in their serum biochemistry analysis other than decreased, the histopathologic score of the liver lesions in
a mild increase in the activity of alanine aminotran@ferase
creased in a linear fashion (Fig. 5). There was good correlation
(ALT) in one dog. In these dogs, the liver retained the vast between the hepatic extraction of
@â€œTc-mebrofenin
and the
majority of the radiopharmaceutical during the first passage,
serum biochemistry analysis (Figs. 6â€”9).The histopathologic
with little activity observed in the cardiac blood pool (Fig. 3). In scores also showed good correlation with the serum chemistries,
these dogs, the hepatic extraction of 99mTc@mebrofenin was but the correlation coefficient was not as high as it was for the
determined to be normal (>95%) and the histopathologic
hepatic extraction of 99mTc@mebrofenin (Table 3).
evaluation oftheir livers were essentially normal, having a total
histologic score of 1.
DISCUSSION
Four dogs became severely clinically depressed with vomit
The hepatic extraction of the iminodiacetic acid derivative
ing and diarrhea (Group A, Table 2). These dogs had marked
radiopharmaceuticals provides a useful marker of hepatocellu
increases in the activities of ALT, aspartate aminotransferase
lar function. These radiopharmaceuticals can be used to evalu
(AST), alkaline phosphatase (Alk Phos), total bilirubin and ate two aspects of hepatocyte function: the dye-anion receptor
fasting bile acid concentrations. These dogs had decreased liver
function and excretion into the biliary tree. These agents enter
uptake of 99mTc..mebrofemn with a large percentage of the the hepatocyte by a carrier-mediated, nonsodium-dependent,
radiopharmaceutical
passing through the liver, resulting in organic anion pathway using a mechanism very similar to that
prominent cardiac blood-pool activity (Fig. 4). The hepatic
of serum bilirubin (3,15,22). The efficiency of hepatic paren
extraction of 9@Â°'Tc-mebrofeninwas markedly decreased chymal cells to extract the mebrofenin from the plasma de
(56.4% Â± 18.0%, mean Â± s.d.). Hepatocellular necrosis,
creases with hepatocellular injury (3). In this study, we found
hemorrhage and inflammation were the most notable his
that the severity of the liver lesions, based on histopathologic
topathologic abnormalities. The remaining three dogs were
abnormalities, was correlated with the decrease in hepatic
normal to mildly depressed (Group B, Table 2) and had serum extraction of 99mTcmebrofen@
biochemistry analysis values that were intermediate between
Technetium-99m-mebrofenin
also can be used to evaluate
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TABLE 2
Summary Data Following Thiacetarsamide Administration and Baseline Hepatic Extraction Efficiency (HEE)
HEEbaseline
HEEafter thiacetarsemide
administration(%)

acidsBilirubinA
Group*
(%)

Hlatopathologk
score

AlkPhos

20,55013,290215.004.20A
96 145
98.0
13,0958,74510.600.60A
96 146
96.0
38,40020,200183.805.70A
96 024
97.0

35.7
78.7
51.0

11
9
9

448
125
1.197

15,9409,760168.004.00Mean
95 522
96.9

60.1

5

389

21,99612,999144.353.63s.d.
â€”
11,3595,18191.282.15B
â€”
4,9602,4405.700.20B
96 046
94.9
6733â€”0.20B
93 022
90.1
162.000.10Mean
95 264
95.4
2,1418633.860.17s.d.
â€”
,366â€”0.06C
â€”
46152.500.10C
95 051
99.7
1911030.00.0C
95 259
95.6
46152.500.10Mean
96 021
96.9
.670.07s.d.
â€”
.440.06*Group â€”

56.4
18.0
90.0
84.9
96.1
90.3
5.61
96.4
96.5
94.9
95.90
0.9

8.5
2.5
5
5
4
4.7
0.6
1
1
1
1
â€”

540
460
240
89
92
140
86
62
53
63
59
5

ALTASTBile

1.3951
2,5301

94441
84511

clinicalsigns.1@Jk
A animalsshowed severe clinicalsigns, Group B animalsshowed minimalclinicalsigns and Group Canimals showed no
Phos = alkaline phosphatase;

ALT = alanine aminotransferase;

AST = aspartate

excretory pathways into the biliary tree. Technetium-99mmebrofenin does not undergo biotransformation
during the
transit through the hepatocyte to the bile caniliculus (23,24).

20

24

aminotransferase.

The final excretory step involves transportation across the
canalicular membrane. The ability of the hepatocyte to excrete
99mTcmebrofenin is decreased in cases of hepatocellular dys

28

32

FIGURE4. Dynamicimages (bottom)obtainedafterinjectionof @Tc-mthrofenin
inmesentenc veinofdog withacutelhertodcity. lime inseconds at which
each image was acquired is listed below image. Note that major portion of radioactivitypassed through liver,indk@ating
low hepatic extraction of
@â€œTc-mebrofenin.
Schematic drawing(top)shows orientationof images reIatR@e
to dog, withheart and liverlabeled.
HEPATIC Exm@CTIoN
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Hepatic Extraction Efficiency
FIGURE5. Plot showing relationshipbetween histopathologicscore from
liverbiopsy and HEE.
function but it is also decreased in cases of extrahepatic
cholestasis (3,5, 7). Hepatic excretion was not measured in this
study because the experimental design stopped data acquisition
at 15 mm. Because the normal hepatic excretion T112in the dog
is 19 mm, there was insufficient data for proper curve fitting of
the excretory phase of the time-activity curve (8).
Determining the severity of liver injury is difficult, often
requiring the consideration of physical findings, serum bio
chemistry analysis and comparison of morphologic information
derived from ultrasound, CT or MRI with the functional
information from scintigraphy (11,25). A variety of liver
diseases have been described in which the functional and
morphologic lesions often coincide (26). Histologic lesions of
hepatocellular degeneration, hepatocellular necrosis, inflamma

20
R=-0.894

p<

0.001

FiGURE8@Pk@tshowing relationshipbetween fasting bile acki concentra
tions and HEE.
tion and hemorrhage occur simultaneously with elevations of
liver-derived enzymes in the plasma, namely ALT, AST and
Alk Phos.

Elevation

of ALT

and AST

indicate

a loss

of

parenchymal cell integrity but are innocuous and nonspecific in
determining the extent of hepatic involvement (5,27). In many
cases, elevation of these liver leakage enzymes may not be
associated with clinically significant liver disease (26). In
addition, the activity of AST and Alk Phos may be increased
due to nonliver sources (26). The severity of liver disease
cannot be determined from these liver enzymes alone.
In our model of acute toxic liver disease, the liver enzyme
elevations were profound in the affected dogs. Dogs with the
most severe liver enzyme elevations had the greatest reduction
in HEE and the highest histopathologic score. The liver en
zymes were mild to moderately elevated in the dogs with
normal to slight decreases in HEE, suggesting that HEE has
lesser sensitivity in mild acute liver injury (Table 1). Toxic
injuries to the liver can cause substantial increases in cellular
permeability. Our data suggest that mild to moderate increases
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FiGURE9. Plot shovung relationshipbetween alkalinephosphatase and
R = -0.851
p=

HEE

0.002

TABLE 3
Resutts of the Pearson Product-Moment Correlation Comparing
Histopathologic Score with Serum Biochemistnes

I

FastingHistopathologic
score ,@Jk
Phos
30

40

50

60

70

80

90

AST

bileacid

Correlation
coefficientâ€”0.602â€”0.770â€”0.814â€”0.694p
value0.0160.0090.0040.038

Hepatic Extraction Efficiency
,oJk Phos

FIGURE7. Plot showingrelationshipbetween ALTand HEE.
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ALT = alanine

aminotransferase;

in cellular permeability have only a minimal effect on the
dye-anion receptor function. Further work is needed to deter
mine if this disparity is a function of time. In addition, studies
are needed to evaluate the sensitivity and specificity of HEE in
spontaneously acquired liver diseases. Severe hepatic dysfunc
tion associated with end-stage cirrhosis can exist in the absence
of serum enzyme abnormalities (26). In this study, we found
that HEE had a more linear relationship to serum biochemistry
analysis than did the quantitative histopathologic score. Quan
titative hepatobiliary scintigraphy may be better able to grade
the severity of liver damage in cases of end-stage cirrhosis than
serum biochemistry analysis.
The more severely affected dogs had increased total bilirubin
levels. Elevated bilirubin is seen with hepatic parenchymal
disease but it also can be elevated due to pre- and posthepatic
causes, thereby decreasing its usefulness as an indicator of liver
disease. Bilirubin elevations can lag behind rapid changes in
liver function or they may plateau in cases of severe disease. In
addition, bilirubin levels are influenced by biliary tree patency,
erythrocyte degradation and renal excretion of bilirubin. In our
study, we found a linear relationship between the serum
bilirubin concentration and the hepatic extraction of 99mTc@
mebrofenin. As the serum bilirubin concentrations rise, the
hepatic uptake of iminodiacetic acid derivative radiopharma
ceuticals is expected to decrease. Technetium-99m-mebrofenin
is commonly used for quantitative hepatobiliary scintigraphy
because it is avidly taken up by the hepatic parenchymal cells
even in the face of profound hyperbilirubinemia (3). Techne
tium-99m-mebrofenin has greater resistance to displacement by
serum bilirubin than other iminodiacetic acid derivatives (3,22â€”
24,28,29). Studies in humans have shown that patients can have
normal hepatic extraction of 99mTc..mebrofenin with serum
bilirubin concentrations between 4.9 and 8.2 mg/dl (4). The
highest recorded bilirubin concentration in our dogs was 5.7
mg/dl. Although we cannot rule out the possibility of compet
itive inhibition for the receptor as the cause of the decreased
hepatic extraction of 9@Tc-mebrofenin, it is more likely that
the elevated bilirubin concentration and the decreased hepatic
extraction of 99mTcmebrofenifl are both directly related to the
decrease in liver function.
Hepatocellular injury was created by the administration of a
hepatotoxic agent. To minimize animal suffering, an agent and
dose were chosen that would induce acute toxic injury to the
liver. Thiacetarsamide is an arsenical agent that was formerly
used as an anthelmintic drug for treating canine dirofilariasis
(heartworm disease). This drug has been largely replaced
because of the high incidence of liver and kidney toxicity that
developed within 24â€”48hr following its administration. Previ
ous work indicated that the liver leakage enzymes peaked
within 24â€”48hr of initiation of thiacetarsamide administration
at a dose of 3.3 mg/kg (1.5 X recommended dose) and within

24â€”36
hr at a doseof 6.6 mg/kg(3.0 X recommended
dose)
(30). Initially, a dose of 3.3 mg/kg was chosen but was later
increased to 6.6 mg/kg so that a greater percentage of dogs
would manifest hepatic toxicity.
Thiacetarsamide is a Type II liver toxin, meaning that the
lesions are nonpredictable and are dose and time independent
(31 ). As expected, this agent produced varying degrees of liver
injury from no abnormalities to severe hepatocellular necrosis.
The dogs also varied in their clinical response to the thiacetar
samide, ranging from no abnormalities to clinical illness with
marked increases in the activities of ALT, AST and bile acid
concentration. Arsenicals produce zonal to massive hepatocel
lular necrosis (31 ). This cytotoxic injury can result in a
decreased function of the carrier-mediated mechanism needed
HEPATIC

EXTRACTION

for the transport of 99mTcmebrofenin into the hepatocyte. The
decreased hepatic extraction observed after thiacetarsamide
administration may be due to the alteration or dysfunction of the
binding proteins, such as the enzyme glutathione transferase,
which are important to the function of the dye-anion receptor
(22,31 ). Dogs with more severe histologic liver abnormalities
had a more profound decrease in liver uptake of 99mTc@
mebrofenin. In these dogs, a large percentage 99mTc@mebrofe@
nm passed through the liver and showed up in the cardiac blood
pool. Dogs with normal liver histopathology and normal clini
cal pathology values had retention of the majority of 99mTc@
mebrofenin by the liver similar to previous studies in normal
dogs (8). The quantitative value, HEE, was significantly cor
related to the severity of the histologic lesion. As the HEE
decreased, the histopathologic score of the liver increased. The
ability of the liver to extract 9@Tc-mebrofenin appears to be a
good predictor of the severity of hepatic parenchymal cell
damage.

CONCLUSION
The measurement of the hepatic extraction of 9@Tc-mebro
fenin is a useful index of hepatocellular function. The decrease
in hepatic extraction of 99mTc..mebrofenin correlates well with
the severity of histologic changes in the liver and with the
permeability of the hepatocellular membrane in this acute toxic
liver injury model. Further work is needed to compare the
hepatic extraction of
@â€˜Tc-mebrofeninto the severity of
acquired liver disease.
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Lympho scintigraphy in Chyluria, Chyloperitoneum
and Chylothorax
Margaret H. Pui and Tian-Chao Yueh
Department ofNuclear Medicine, First Affiliated Hospital ofSun
People â€˜s
Republic of China

Lymphoscintigraphy allows functional assessment of lymphatic
transport and depiction of regional @,mphnodes, is fast and non
traumatic and has no known side effects. We retrospectively ana
lyzed lymphoscintigraphic studies to determine their efficacy in the
investigation of chyluria, chyloperitoneum and chylothorax. Meth
ods: Twenty-one whole-body lymphoscintigrams using
@rc-anti
mony sutilde colloki or dextran were acquired in 18 patients with
chyluria, chyloperitoneum and/or chylothorax. The images were
reviewed to assess the rate of tracer transport and number, size and
distributionof lymph vessels and nodes as well as the presence of
collateral, fistula or lymph reflux. Results Lymphoscintigraphy was
normal (5 of 11 patients) or showed lymphatic obstruction (6 of 11
patients) in chyluria associated with filariasis. Lymphatic obstruction
was demonstrated in ch@rioperftoneum
and/or chylothorax associ
ated with liver cirrhosis (2 patients), postoperative (1 patient) or
congenital (1 patient) lymphatic dysplasia, inferior vena cava ob
struction (1 patient) and nephrotic syndrome (1 patient). Enhanced
lymph flow was seen in systemic lupus erythematosus (1 patient).
Follow-up lymphoscintigrams showed patency of lymphovenous
anastomosis (1 patient), improvement (1 patient) or no change (1
patient) in lymphatic drainage aftertreatment. Conclusion: Lympho
scintigraphy can demonstrate abnormal lymphatic drainage in chy
luria, chyloperitoneum and chybthorax. It is useful for selecting
patients for surgery and assessing the effect of treatment.
Key Words chyluria; chyloperitoneum; chylothorax; lymphoscintig
raphy
J Nucl Med I998 39.1292-1296

Yat-Sen University ofMedical
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phaticopelvic fistulization, skipping of lymphatic chain, pa
tency of thoracic duct and abnormal leg lymphatics (1â€”3).
However, it requires tedious cannulation of lymphatics, is
invasive and is not readily reproducible. It also can result in
local tissue necrosis, fat embolism to the lungs, hypersensitivity
reaction and exacerbation of lymphedema by the contrast
material (4). Lymphoscintigraphy using 99mTc@sulfurmicrocol
bid, antimony sulfide colloid, stannous phytate, rhenium sulfur
colloid, human serum albumin or dextran delineates the pattern
of lymphatic drainage, is fast and nontraumatic and has no
known side effects (5â€”
6). Use of lymphoscintigraphy in inves
tigating chyluna, chyloperitoneum and chylothorax has been
limited to a few case reports (7â€”13). We retrospectively
analyzed lymphoscintigraphic studies to determine their effi
cacy in the investigation of chyluria, chyloperitoneum and

chylothorax.
MATERIALS AND METhODS
Between June 1989 and May 1996, lymphoscintigraphy was
performed on 18 patients with chyluria (9 women, 2 men), chyluria
and chyloperitoneum (2 men), chyloperitoneum and chylothorax (3
women, 2 men). Follow-up scans were obtained on 3 patients,
giving

a total of 21 lymphoscintigraphic

studies.

The average

patient age was 38.0 yr (range 25â€”57yr), and average duration of
symptoms was 4.7 yr (range 3 mo to 36 yr) for chyluna and 6.0 mo
(range 10 days to 18 mo) for chyloperitoneum and chylothorax.
Elephantiasis of the lower extremities was the most common
associated symptom. Other associated symptoms and signs in
cluded hematuria, flank pain, dysuria, urinary frequency, oliguria,
weight loss, fever, cough, anasarca, chest discomfort, dyspnea and
enlarged inguinal lymph nodes. A previous history of filariasis was
known in 7 of 13 patients with chyluria. Urine, peritoneal, pleural

L ymphangiography
hasbeen
themain
imaging
modality
in
investigating chyluria, chyloperitoneum and chylothorax. It is
useful for detecting abnormal retroperitoneal lymph nodes,
leakage from dilated lymphatics, lymphoperitoneal and lym

or pericardial
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fluid were positive

for fat droplets

after Sudan

staining and negative for acid-fast bacilli, culture and cytology in
all patients. Repeated thick-film night blood smears were also
negative for microfilaria in all patients. Final diagnoses were made
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